Nonalcoholic fatty liver disease (NAFLD) is prevalent in people with the metabolic syndrome and type 2 diabetes and is present in up to one-third of the general population. Evidence is now accumulating that NAFLD is associated with obesity and diabetes and may serve as a predictor of cardiovascular disease (CVD). The possible mechanisms linking NAFLD and CVD include inflammation and oxidative stress, hyperlipidaemia, insulin resistance, and direct impact of NAFLD on coronary arteries and left ventricular dysfunction. In addition, several studies suggest that NAFLD is associated with high risk of CVD and atherosclerosis such as carotid artery wall thickness and lower endothelial flow-mediated vasodilation independently of classical risk factors and components of the metabolic syndrome. It is not yet clear how treatment of NAFLD will modulate the risk of CVD. Furthermore, studies are urgently needed to establish (i) the pathophysiology of CVD with NAFLD and (ii) the benefit of early diagnosis and treatment of CVD in patients with NAFLD. In the absence of biochemical markers, it is crucial that screening and surveillance strategies are adopted in clinical practice in the growing number of patients with NAFLD and at risk of developing CVD. Importantly, the current evidence suggest that statins are safe and effective treatment for CVD in individuals with NAFLD.
Introduction
Nonalcoholic fatty liver disease (NAFLD) is emerging as an important public health problem across the globe and associated with high risk for cardiovascular disease (CVD) for adult and children. NAFLD refers to a wide spectrum of liver damage, ranging from simple steatosis to steatohepatitis, advanced fibrosis, and cirrhosis. NAFLD is strongly associated with insulin resistance and is defined by the accumulation of liver fat >5% per liver weight, in the presence of <10 g of daily alcohol consumption. NAFLD is associated with type 2 diabetes, obesity, and hyperlipidemia [1, 2] . The prevalence of NAFLD is estimated to be around 34% of total population, while obesity with nonalcoholic fatty liver disease varies between 30% and 100%, whereas the prevalence of NAFLD within type 2 diabetes varies between 10 and 75%.
Interestingly, the prevalence of NAFLD in USA is around 34% and 90 % of these cases of NAFLD were attributed to nonalcoholic causes [3, 4] . In the Dionysos nutrition and liver disease study in Italy, we found that the prevalence of NAFLD was ∼25% and was associated with most features of the metabolic syndrome [5] . Interestingly, alcohol intake and obesity could both act in a synergistic way to increase risk of in mortality. For instance, the One Million Women Study showed that women who are obese or overweight had an increased risk of liver cirrhosis. The absolute risk of liver cirrhosis with obesity has also been shown to be increased synergistically with only ∼15 units of alcohol per week [6] . Furthermore, Hart et al. found that obesity and alcohol (consuming 15 or more units per week) intake are associated with greater risk of dying of liver disease [7] . It is plausible to predict that, with an increase in prevalence of epidemic of diabetes and obesity, it is likely that there will 2 Journal of Obesity be a marked increase in prevalent NAFLD with important consequences for health care providers [8] . On the other hand, in nondiabetic and nonobese individuals, insulin resistance, hypertriglyceridemia and hyperuricemia were independently associated with NAFLD [9] . Importantly, the increase in BMI is associated with higher prevalence of NAFLD. The prevalence of NAFLD increased from 16.4% among individuals with normal BMI to 75.8% among obese people. The prevalence of NAFLD is even higher with morbid obesity, and among morbidly obese undergoing bariatric surgery the prevalence may be as high as 96% [10] . The prevalence of NAFLD showed different pattern in different ethnic groups. For instance, in Japan the prevalence of NAFLD was 25% and in China 24%, while in a small study in diabetic Saudi individuals have suggested that the prevalence of NAFLD is ∼55% [11] [12] [13] [14] . Children are also known to be in risk of developing NAFLD. In a retrospective review of 742 children between the ages of 2 and 19 years who had an autopsy performed from 1993 to 2003, fatty liver was present in 13% of subjects [15] . In a small study of 44 obese children, fatty liver was identified in 14 subjects (31.8%) [16] .
One important concern with silent undiagnosed NAFLD is that it may progress silently and result in cirrhosis, portal hypertension, and liver-related death in early adulthood. Interestingly, NAFLD is the hepatic component of the metabolic syndrome and is an independent risk factor for cardiovascular disease (CVD). Importantly, NAFLD is associated with an increased risk of all-cause death and predicts future CVD events, independently of the classical risk factors like age, sex, LDL cholesterol, smoking, and features of metabolic syndrome [8] . One significant challenge for mass screening for NAFLD is the lack of sensitive and specific biochemical marker. The concomitant use of alanine aminotransferase ALT and ultrasound may produce high diagnostic [17] .
NAFLD is associated with an increase in morbidity and mortality. For instance, Adams et al. have studied the impact of NAFLD on mortality among 337 patients with type 2 diabetes followed for 9 years (Adams et al. 2005 ). In multivariate analysis to adjust for confounders, overall mortality was significantly associated with a diagnosis of NAFLD, presence of ischemic heart disease, and duration of diabetes [18] . Interestingly, fatty liver and smoking had synergistic effect in metabolic syndrome and it is parameters, especially, low HDL-c and high plasma triglyceride [19] . Therefore, individuals with features of the metabolic syndrome, obesity, consume alcohol, and smoking with fatty liver will need aggressive treatment to decrease the risk of CVD.
NAFLD, Metabolic Syndrome, and Diabetes
A joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity they define an individual with the metabolic syndrome with three of the five criteria-including elevated waist circumference, elevated triglycerides, and reduced high-density lipoprotein (HDL)-cholesterol levels, elevated blood pressure, and elevated fasting-glucose levels. In this new definition, waist circumference is just one of five criteria that physicians can use when diagnosing the metabolic syndrome (Population-and country-specific definitions) [20] . Insulin resistance which is a landmark of metabolic syndrome has been shown to be associated with 95% of individuals with NAFLD. Importantly, both metabolic syndrome and NAFLD are associated with high incidence of CVD and most features of metabolic syndrome present in subjects with NAFLD [8] .
There is now general agreement in the literature that NAFLD is another clinical feature of the metabolic syndrome [2, 5, 8, 21] . A study of 66 patients with NAFLD showed that 98% were insulin resistant, and 39% of those were diabetic [22] . In another study, 19 NAFLD patients who were not obese or did not have diabetes and had a normal lipid profile, 47% showed features of the metabolic syndrome [23] . A marked increase in body mass index (BMI) and waist/hip ratio has been shown in NAFLD patients [24] . Insulin resistance is not dependent on BMI but is related to central obesity, which is a feature of NAFLD. Obesity is associated with a higher incidence of a wide spectrum of liver diseases associated with NAFLD from steatosis to fibrosis and cirrhosis [25] . Recent study carried in 19 European centres showed high association of decreased insulin sensitivity and increased incidence of CVD with NAFLD [26] . Therefore, screening for diabetes is an essential part of the assessment of risk of CVD in individuals with NAFLD.
NAFLD and Its Association with Cardiovascular Disease
Several studies have shown association of NAFLD with cardiovascular disease. In individuals with diabetes and no diabetes, NAFLD is associated with increased risk of CVD [27, 28] . In a study of biopsy-proven NAFLD with followup for around 21 years the main cause of death in these patients with NAFLD was CVD and malignancy [27] . Interestingly, the histological severity of NAFLD and inflammation is strongly associated with increased risk of CVD and atherogenic lipid profile [28] . In contrast, Domanski et al. 2012 conducted a retrospective chart review of patients with biopsy-confirmed NAFLD: of these, 219 patients had biopsies showing the presence of at least grade I NASH. The overall prevalence of cardiovascular disease was 6.63% independent of age, sex, body mass index, and the presence of diabetes [29] . On the other hand, simple hepatic steatosis is being shown to be associated with marked silent carotid atherosclerosis [30] . Several cross-sectional studies have reported a relationship between elevated serum activity of liver enzymes (e.g., alanine aminotransferase (ALT) and gamma-glutamyltransferase (γGT)) and metabolic syndrome, diabetes, and NAFLD. Raised serum activity of liver enzymes independently predicted the future development of metabolic syndrome and DM as well as cardiovascular (CV) events and/or total/CV mortality in prospective studies. Importantly, these associations can be partly attributed to nonalcoholic fatty liver disease (NAFLD) and insulin resistance, and there may be additional underlying mechanisms that contribute to the increased CV risk (e.g., inflammation and oxidative stress). The association of γGT with atherosclerotic plaque is of particular importance in individuals with NAFLD [31, 32] . In a study of 14,874 middle-aged Finnish men and women, mildly increased GGT levels were independently associated with an increased risk of ischemic stroke in both sexes [33] . Among 7,613 middle-aged British men followed for 11.5 years, increased GGT levels were independently associated with a significant increase in mortality from all causes and from CHD [34] . Kozakova et al. showed that serum gammaglutamyltransferase may represent a link between fatty liver and development of early atherosclerosis [35] .
Recent epidemiological studies have suggested the increase in ALT may be linked to increase in risk of CVD. The Hoorn Study showed that the association between ALT and CHD events is significant [36] , suggesting that NAFLD is associated with CHD independently of other features of the metabolic syndrome. Interestingly, serum ALT is also shown to be positively associated with an increased risk of carotid atherosclerosis in NAFLD [37] . Furthermore, another study examined the association between elevated serum ALT activity and the 10-year risk of CHD as estimated using the Framingham risk score (FRS). The ALT threshold for increased risk of CHD was higher in men (>43 IU/L) than in women (>30 IU/L) [38] . Recently, the Firenze Bagno a Ripoli (FIBAR) study concluded that increased gamma GT or AST is an independent predictor of CVD. An increase of gamma-GT levels above the reference range, or also in the upper reference, range was also an independent predictor of incident of diabetes [39] . Lopez-Suarez et al. showed in an observational study, the percentage of cases with hypertension was 21.2% greater in individuals with NAFLD than those without NAFLD (95% CI, 11.8-30.6, P < 0.0005). NAFLD was independently associated with prevalent hypertension with an adjusted odds ratio of 1.71 (95% CI, 1.10-2.65, P = 0.017). Among nonhypertensive participants, NAFLD was also independently associated with high-normal systolic BP (adjusted odds ratio 2.13, 95% CI, 1.08-4.20, P = 0.029) but not with high-normal diastolic BP. The authors concluded that the detection of NAFLD, even with normal ALT levels, should serve as an opportunity to identify metabolic and BP abnormalities and intensify lifestyle modification [40] .
However, the US Third National Health and Nutrition Examination Survey (NHANES III: 1988-94) study showed that NAFLD was not associated with an increased risk of death from all causes, cardiovascular disease, cancer, or liver disease [41] . Interestingly, data from the National Health and Nutrition Examination Survey III study showed that NAFLD was associated independently with CVD, after adjusting for major demographic, clinical, and metabolic confounders (odds ratio, 1.23; 95% confidence interval, 1.04-1.44). The independent association of NAFLD with cardiovascular mortality was not statistically significant. The authors concluded that NAFLD is associated independently with an increased risk of CVD. However, NAFLD did not increase cardiovascular mortality over a 14-year period [42] .
In individuals with diabetes and NAFLD there is an association between NAFLD and CVD. For instance, data by Targher et al. showed that the unadjusted prevalence of NAFLD was 69.5% among participants with type 2 diabetes (n = 2839), and ultrasound detected NAFLD was the most common cause (81.5%) of hepatic steatosis. NAFLD patients had a higher age (P < 0.001), and sex-adjusted prevalence of coronary (26.6 versus 18.3%), cerebrovascular (20.0 versus 13.3%), and peripheral (15.4 versus 10.0%) vascular disease than their counterparts without NAFLD. In logistic regression analysis, NAFLD was associated with prevalent CVD independent of classical risk factors, glycaemic control, medications, and the metabolic syndrome features [43] . In addition, the Valpolicella Heart Diabetes Study is a prospective control study in 2,103 type 2 diabetic patients who were free of diagnosed CVD at baseline. During 5 years of followup, 248 participants (case subjects) subsequently developed nonfatal coronary heart disease (myocardial infarction and coronary revascularization procedures), ischemic stroke, or cardiovascular death. After adjustment for age, sex, smoking history, diabetes duration, HbA 1c , LDL cholesterol, liver enzymes, and the use of medications, the presence of NAFLD was significantly associated with an increased CVD risk (odds ratio 1.84, 95% CI 1.4-2.1, P < 0.001). Additional adjustment for the metabolic syndrome (as defined by National Cholesterol Education Program Adult Treatment Panel III criteria) appreciably attenuated, but did not abolish, this association (1.53, 1.1-1.7, P = 0.02) [44] .
Of significant is that NAFLD during childhood is strongly associated with atherosclerosis [45] . In a casecontrol study of 150 overweight children with biopsyproven NAFLD, children with NAFLD had significantly higher fasting glucose, insulin, total cholesterol, low-density lipoprotein cholesterol, triglycerides, systolic blood pressure, and diastolic blood pressure. Subjects with NAFLD also had significantly lower high-density lipoprotein cholesterol than controls. After adjustment for age, sex, race, ethnicity, body mass index, and hyperinsulinemia, children with metabolic syndrome had 5.0 (95% confidence interval, from 2.6 to 9.7) times the odds of having NAFLD as overweight and obese children without metabolic syndrome. Therefore, NAFLD in overweight and obese children is strongly associated with multiple cardiovascular risk factors. The authors concluded that the identification of NAFLD in a child should prompt global counseling to address nutrition, physical activity, and avoidance of smoking to prevent the development of cardiovascular disease and type 2 diabetes [46] .
Possible Pathways and Mechanism of NAFLD Induced CVD
The association of NAFLD with metabolic syndrome and diabetes may in part explain the increased risk of CVD with NAFLD. In addition, several studies showed that NAFLD in itself might contribute to the increased CVD risk. However, the exact mechanisms for this complex relationship are not clear. Probably several highly interrelated factors contribute to the enhanced risk of diabetes and metabolic syndrome in persons with NAFLD. The following factors are possible explanation of mechanisms of the association of CVD with NAFLD (Figures 1 and 2 ).
NAFLD May Accelerate the Progression of Insulin Resistance.
It is well documented in the literature that NAFLD is associated with an increase in insulin resistance [1] [2] [3] [4] [5] [6] . NAFLD is associated with hepatic and peripheral insulin resistance. Importantly, insulin resistance in the pathogenesis of NAFLD and associated with dyslipideamia, carotid atherosclerosis, and endothelial dysfunction.
NAFLD May Accelerate the Progression of Dyslipidaemia and Atherosclerosis
. NAFLD is associated with atherogenic dyslipidaemia (an increase in LDL-c, TG, apolipoprotein B, and decrease in HDL) this associated with an increase in risk of CVD [1] [2] [3] [4] [5] [6] .
NAFLD May Accelerate the Progression of Carotid
Atherosclerosis. Recent studies show a link between NAFLD and increased carotid intima-media thickness (IMT). Fracanzani et al. (2008) concluded (in a series of normal and NAFLD subjects) that independent risk predictors of increased intima-media thickness were the presence of hepatic steatosis (odds ratio (OR) = 6.9), age (OR 6.0), and increased systolic blood pressure (OR 2.3) [47] . More interestingly, Targher et al. suggested that the severity of liver histopathology among 85 NAFLD patients is strongly associated with early carotid atherosclerosis, independent of age, sex, BMI, smoking, LDL cholesterol, insulin resistance, and the presence of metabolic syndrome [48] . In addition, a large population study showed that NAFLD is associated with increase in IMT [49] . On the other hand, in 100 dietcontrolled type 2 diabetic individuals, the significant increase of carotid IMT in the presence of NAFLD has largely been explained by insulin resistance. However, Petit et al. showed that in people with type 2 diabetes fatty liver is not associated with increased risk of CVD [50] . In contrast, NAFLD is independently associated with carotid atherosclerosis and only in people with multiple features of the metabolic syndrome [51] .
NAFLD May Accelerate the Progression of Endothelial
Dysfunction. Endothelial dysfunction is an important element in the process of atherosclerosis. NAFLD in diabetic and nondiabetic individuals is associated with marked impairment in endothelial function [52, 53] .
Inflammation and Oxidative Stress.
Inflammation is crucial in pathogenesis of NAFLD, and fat is now considered a metabolically active endocrine organ producing proinflammatory cytokines including TNF-α, IL-6, and IL-8 and there is an evidence to support the activation of other inflammatory pathways, oxidative stress, and the de novo pathway by TNF-α. Inflammation is associated insulin resistance resulting in increased lipolysis in adipose tissue, increased NEFA uptake by hepatocytes and increased triglyceride synthesis in the liver. Mitochondrial fat oxidation and export of VLDL particles are not able to match triglyceride synthesis leading to net fat deposition in the hepatocytes. As a consequence of abnormal fat accumulation in the hepatocytes, there is a marked derangement in the insulinsignalling pathways in the liver [54, 55] . Inflammation is the link between obesity and insulin resistance and may have an important role in the pathogenesis of hepatic and systemic insulin resistance and CVD.
Adiponectin.
Adiponectin is one of the important adipocytokines in the pathogenesis of NAFLD. Adiponectinhas been shown to decrease de novo fatty acid synthesis and enhance fat oxidation, with levels of adiponectin increasing after dietary fat ingestion [56] . Decreased adiponectin is associated with insulin resistance and hyperlipidaemia, and low level of adiponectin was shown in NAFLD independent of the components of the metabolic syndrome [57, 58] . Importantly low levels of adiponectin are also shown to be associated with CVD [59] . 
Postprandial Hyperlipidaemia.
Postprandial hyperlipidaemia is a risk factor for both NAFLD and CVD. Interestingly, Matikainen et al. suggested that liver fat content is a close correlate of postprandial lipids predicting the responses of triglyceride (TG)-rich lipoproteins (TRL) in chylomicrons and VLDL better than measures of glucose metabolism or body adiposity. High liver fat content associated with postprandial lipemia represents potential risk factors for cardiovascular disease [60] . Furthermore, high dietary fat intake has been shown to induce perturbations in insulin signaling and rates of lipid synthesis via increased hepatic free fatty acid (FFA) flux and triglyceride (TG) [61] . Interestingly, Hadaegh et al. (2008) [62] showed that TG/HDL-C ratio is a independent predictor of coronary heart disease in men. Furthermore, 2 prospective large cohort studies with large numbers of individuals showed clearly that elevated nonfasting triglyceride levels were associated with increased risk of MI, IHD, and death in men and women [63] . In woman nonfasting triglyceride levels were associated with higher cardiovascular events, independent of traditional cardiac risk factors [64] . In addition, nonfasting triglyceride is also been shown to be associated with high risk of ischemic stroke [65] . Generally speaking postprandial lipaemia may emerge as separate CVD risk factor as is being suggested by Mora et al. that nonfasting HDL cholesterol, triglycerides, total/HDL cholesterol ratio, and apolipoprotein A predict CVD better than measured in the fasting state [66] . Therefore, postprandial hyperlipidaemia may in part explain why some lean, overweight, and obese individuals with NAFLD may encounter CVD despite normal fasting lipid profile or being in lipid-lowering medication.
NAFLD Associated with Disturbance in the Function
of the Heart. Several studies have shown the NAFLD is associated with coronary atherosclerosis, heart valve abnormality, and left ventricular dysfunction. For instance, Kim et al. showed that patients with NAFLD are at increased risk for coronary atherosclerosis independent of classical coronary risk factors, including visceral adiposity. The authors claimed that NAFLD per se might be an independent risk factor for coronary artery disease [67] . Furthermore, biopsy-proven NAFLD is associated with marked reduction in coronary flow reserve (marker of the integrity of coronary microvascular circulation). Liver fibrosis scores are found to be independent predictor of marked decrease in coronary flow reserve [68] . In patients with NAFLD the absence of morbid obesity, hypertension, and diabetes has mildly altered LV geometry and early features of left ventricular diastolic dysfunction [69] . In patient with diabetes and NAFLD early features of LV diastolic dysfunction may be detected [70] .
NAFLD and Obstructive Sleep Apnea (OSA).
Obstructive sleep apnea (OSA) is characterised by loud and frequent snoring, periods of apnea during sleep, and excessive day somnolence [71, 72] . Interestingly, OSA is also regarded as one of the factors that accelerate the progression of NAFLD to NASH [73] . Importantly considerable numbers of studies showed an increase incidence of CVD with OSA [74] [75] [76] . Animal studies showed that OSA can lead to increase in insulin resistance and alteration in lipid metabolism with NAFLD [77, 78] . It is possible to suggest that high fat diet in association with OSA may aggravate the course of NAFLD. Furthermore, in a rat model of fatty liver (a choline-deficient high-fat diet) intermittent hypoxia was shown to induce NASH [79, 80] . The conclusion of Bradley and Floras is that an association between OSA and CVD exists [81] . Their conclusion was that OSA is associated with an increased risk of CVD, and this has been demonstrated in epidemiological, clinical and physiological studies. Epidemiological studies have shown a significant independent association between OSA and hypertension, coronary artery disease, arrhythmias, heart failure, and stroke [82] [83] [84] [85] [86] [87] [88] . The complex interaction between obesity, NAFLD, obesity metabolic syndrome, and CVD will accelerate atherosclerosis development.
NAFLD and CKD That Associated with CVD.
NAFLD may also be associated with a detrimental effect on other organs that may have direct or indirect influence on CVD or organs that may accelerate the presentation of CVD, at least in people with type 2 diabetes. For example, NAFLD patients with type 2 diabetes had higher (P < 0.001) age-and sexadjusted prevalence rates of both nonproliferative (39 versus 34%) and proliferative/laser-treated retinopathy (11 versus 5%), and chronic kidney disease (CKD) (15 versus 9%) than counterparts with type 2 diabetes but without NAFLD [89] . Furthermore, in this study, NAFLD was associated with an increased incidence of CKD [90] , independent of gender, age, body mass index, waist circumference, BP, smoking, diabetes duration, glycosylated hemoglobin, lipids, baseline estimated GFR, microalbuminuria, and medications (hypoglycemic, lipid-lowering, antihypertensive, or antiplatelet drugs). Interestingly, NAFLD has been shown to be associated with the development of CKD in Korean individuals [91] . Therefore, NAFLD may indirectly modulate the risk of CVD through CKD.
The Safety and Effectiveness of Statins Therapy in NAFLD
The Practice Guideline by the American Association for the Study of Liver Diseases, American College of Gastroenterology, and the American Gastroenterological Association for diagnosis and management of nonalcoholic fatty liver disease recommended that statins can be used to treat dyslipidaemia in patients with NAFLD and NASH. This recommendation is based on lack of evidence that patients with NAFLD and NASH are at increased risk for serious drug-induced liver injury from statins [92] . In addition, the Liver Expert Panel stated that statins can be safely used in NAFLD and NASH without the needs for routine liver enzyme monitoring [93] . However, it is recommended before starting statin therapy to check liver enzymens. Statins therapy is shown to improve histology in NAFLD and NASH [94] . Therefore, the current evidence suggest that statin is safe and effective in NAFLD.
Conclusion
NAFLD is an important, and emerging heath problem. NAFLD is regarded as hepatic component of the metabolic syndrome and associated with high risk of development of CVD. Several studies suggest that NAFLD per se can be associated with risk of CVD. Dyslipidemai, insulin resistance, low adiponectin, and postprandial dyslipidaemai and hyperglycaemia are main factors lead to NAFLD and further aggravate the course of NAFLD as well as accelerate the progress of atherosclerosis and development of CVD. The mechanism and complex factors involved in the development of CVD in individuals with NAFLD are summarised in Figures 1 and 2 . Currently, it is not known how treatment of NAFLD will modulate the risk of CVD. Further research is urgently needed to understand the association between NAFLD and CVD and how potential treatment of NAFLD will modulate the risk of CVD.
